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KINETICS OF THE OXIDATION OF MAGNESIUM FLUORIDE
Donald R. Messier

Lawrence Radiation Laborétory
University of California
Berkeley, California

August 15, 1961

ABSTRACT

The kinetics of the reaction between MgF, and water vapor
were studied in the temperature range from 950 to 1100°C. . Deter-
minations on powdered, sintered polycrystalline, and single-crystal
specimens yielded different activation energies, The differences were
attributed to differences in microstructure among the several specimen
types.

Reaction rates were determined by measuring weight loss with
a silica helix and cathetometer arrangement. The reaction was carried
out in a flowing atmosphere of argon which possessed a known water-
vapor partial pressure.

With all sample types, the reaction was interface-controlled.
After the attainment of steady-state conditions, a 2/3-order rate law
was followed.

Activation energies of 25, 56.146, and 42.3%5 kcal per mole
were obtained for the powdered, sintered polycrystalline, and single-
crystal specimens, respectively. The single-crystal value agreed with
the heat of reaction of 43.8 kcal. per mole, indicating that the rate-
controlling step was the chemical reaction itself. The low value for the
powdered specimens was a result of area changes caused by sintering.
The structure of the product layer on the presintered polycrystalline
specimens was such that it provided greater impedance to gas flow than
the single-crystal product layer. Consequently, a greater reaction-rate

temperature coefficient and higher activation energy resulted.



- I,. INTRODUCTION. -

Some preliminary work leadirng to this inveéstigation was:con-

cerned with the reaction of magnesium fluoride :and ‘alumina’in air to

form spinel:

1/2:.~92(g) + A; (s) + MgF (s) MgO A1 03(s) +F (g)

Equimolar mixtures of- the solid reactants were heated in air at. temper-

- .atures from 900 to 1100 °c. . Xeray. analyses of the products 1nd1cated

that at least some uncombined MgO was present. This could haye re-

sulted from the oxidation of MgF, by either oxygen or water vapor.

'The following thermodynamic calculations were carried out to determine

- which reactant was responsible for the MgO formation: . . -

Reaction (1). MgF,(s) + 1/2 oz(g) ~ MgO(s) + F,(g)
ASSuming _AC =0, we can'write -
o - .
2% 200 leAI-vI 298 °K - . 1200 AS 298 K_ 100050 cal,
. log K= A‘F°/4.'5“476T‘ =ii18.‘3,'_ .
i s S s
19

P K(P y1/2 _:755<16"1‘9'(0'.'z’>'1‘/2'.~_; 2.25x10" 1 atmos.
F,~ K{Po )7 =>x10

‘Reaction (2): MgF (s) + H. O(g) MgO(s) + ZHF(g)

For Reaction (2) we have .

AF® 1200 O = 12,950.cal -

" and

log K= - 2.36.

Air at 25 °C and 50% relative hunndlty has a’ PH o of :1..6><1:0...'-2' atmos.
Thus we obtain ' Toea Come 2 , : .

P = (KP

1/2 o -3
HF ) 2 8x10  ~ atmos.

HZO



On comparison of the partial pressures of F, and HF produced
by: Reactions (1) and (2) respectively, it is. evident that the water vapor
reaction is more probable. Comparative weight-loss runs-confirmed
that MgF was oxidized much more rapidly with water vapor than with
dry oxygen. Therefore, this investigation was. concerned with the more
important water-vapor reaction. A '

The formation of MgO from MgF, involves a weight loss of
‘about 35%. ‘Thus, the progress of thé reaction can be followed with a
hlgh temperature weight- change apparatus ‘This reaction is also de-
sirable for Study because there are no known interrmediate reaction pro-
~ducts to complicate its interpretation.

The literature’ contains little information concerning the kinetics
of high—t_eﬁlpe'rature reactions involving gases and ionic or covalent solids.
However, several general works that deal with related processes are
available. ' - '

A good discussion of the determination of reaction order in gas-
solid reactions is giveﬁ in a monograph on the oxidation of metals by
Kubaschewski and Hopkins. ! 'Garner has surveyed the work on the endo-
‘thermic decomposﬁ:mn of sohds 2 Except for the additional complicating
step of the. chemical reaction itself, these. decompositions are quite
analogous to the endotherm1c reactlon dealt with in the present work. A
7 discussion of. factors that can lead to d1ff1cu1t1es in the interpretation
of the results of endothermic decomposition studies has been offered by
Britton et al. > s | | . |

Since the start of this study, a paper dealing with the hydrolysis
of a number of fluorides, including MgF,, has appeared in the literature. 4
A comparison of the activation energies “reported and those obtained in
‘this investigation emphasized the fact that sample geometry and physical
state (polycrystalline, single-crystal, etc.) decidedly influence the re-

sults of such High—temperature kinetic studies.



_-.I.I. . EXPERIMENT
A, Matenals

Three different types of Spec1mens were used in, the exper1-

"mental determinations. These included powders, _S1ng1e_—crysta1 cubes,

and polycrystalhne sintered discs. ' .

The MgF powder used. for both the powder runs a.nd fabrlcatlon
of discs was provided by the U.S. Bureau of Mines Thermodynamms
Group. * 1t was prepared by revac,ti.rig MgO with hydrofiugri; acid. The
resulting MgF2 was dried at 400°C. This ;'nateria1. sho§ved n6 weight

loss after being heated to 600°C. Therefore, it was assumed that the

. absorbed water content was negligible. X-ray-diffraction patterns of

this material revealed no detectable crystalline impurities.

The sintered polycrystalline discs wére made by dry pressing
in air and sintering Ain a dry argon atmosi)here. ‘Before pressihg, the
powder was ground to -200 mesh. Then, 0.5-g samples were dry-pressed
at 5000 psi into discs 0.5 in. in diameter. These discs were sintered
at 1100°C for three hours. .Th.eiv_r_ surface areas were calculated from
measurements made with a micrometer.

The sing-le—ci'ystal specimens were fabricated from material

supplied bir two sources.. An infrared spectrograph on material furnished

| by W. Scott of this laboratory showed no detectable impurities. Additional

material was obtained from A. Duncanson, Aberdeen University,
Scotland. Specimens of known crystallographic orientation were made
from pieces of material_whose orjentation had been previously determined
from back-reflection Laue pattern_s; Cubes weighin-g,approximatel.y

0.5 g each were cut with a _diafpo,nd:.sa”v&{v_aﬁ(i polishéd down to. 3/0 paper.

The orientations of the in_diyidp.a.i_ specimens were rechecked. The cubes

. were-measured with a micrometer. .

“K. K. Kelley, Berkeley :Thermodynamics Laboratory Region II

Bureau ‘of Mines,; :Bérkeley 4, “California.



B. Apparatus

The experimentai apparatus‘used is shown in Fig. 1. The weight-
los's measurlng device consisted of a fused silica helix from which. the
sample holder was suspended. . The change in extens1on of the hehx was
determined by taking periodic readings with the cathetometer. In order
to avoid errots due to thermal expansion of the apparatus; it was
necessary to use a reference marker which was attached to the helix
.su‘spe'nsi‘on'p.oint " This system ‘gave welght loss measurements w1th a
"preC151on of #0.5mg. o ' | ' '

© Two d1fferent sample containers were employed. A platinum-
crucible was vused for the powder runs, and a platinum mesh basket for
single-crystal and disc runs. .In.eiachlcase, ‘the containér ‘was ‘suépended
from the helix by 0.002-in, Ni wire. | |

The vertical-tube furnace was heated by a helical Kanthal- A

o Winding Its maximum operating temperature was 1200°C. - A high-low

Vtemper"ature control provided by a Micromax controller was used to
Cent'rol.t'emperafure to #5°C.  Temperatures were measured with a
Pt- PtgoRh thermocouple Whose'outp‘ut' was read with a potentiometer.
The reaction chamber consisted of a 1-1/4-in. o.d. mullite tube.

' The atmosphere control system was patterned after that described
by Datsur and -Chl’pman.' > ‘A spherical float—type flowmeter was used to
measure the gas flow rate.” Water va'.per and bxygen impurities ‘were i i
removed from the argon by the drying train and heated copper chips. )
The water- vapor part1a1 pressure was controlled by setting the thermo-
stat. at the desired temperature,. The saturated argon stream then
possessed an amount of water vapor proportional' to the vapor pressure
‘of water at the. temperature of saturation. The saturator bottles con-
tained glass beads to insure dlspers1on of the carrier gas. The output
trap was filled with glass wool to prevent spray.from entering the heated
tubing.. A-glycenne bubbler at the furnace output prevented back-dif-
fusion into the system. - With.this bubbler arrangement, the pressure in

the system remained at approximately 1 atmos.

.Tﬂ
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During the runs,, time intervals were measured with a stop watch.
_ . Various supplementary items of equipment were .employed in
the examination of the specimens. - These included stereo and metal-
lographic microscopes. An Orthopot macro-camera was used to obtain

photomicrographs of sections of the reacted specimens.

‘ C. Procedure

The procedure for experimental runs varied only in the method
used for sample preparation. The powder samples were prepared
simply by weighing 0.,5%g_amount-s of MgF2 powder into the platinum
crucible. The single-crystal and disc specimens were placed in the
platinum basket. ‘-_T‘he_ir exact weights were found by difference weighing
with an analyfical Balance'; - ‘

All runs were made at a water-vapor partial pressure of 55.3 mm.
- The gas flow rate Wés set at 285 cc/mm In order to determine whether
the results would change; several runs were made with a flow rate of
190 cc/min. No significant differences were noted.

The procedure for making the runs was as follows:

(a) The sample container was suspended from the helix into
the reaction chamber. 1 _ _

(b) The sample was heated to .the desired .tést temperature in
dry argon. | |

(c) The argon.stream was divérted.to pass.through the saturator.
This operation_.ini’tiated.the ‘reaction, and the timer was started.

(d) The helix extension was read at regular intervals whose
length depended upon the reaction rate at the selected test temperature.

After reaction, specimen surfaces and cross sections were ex-
amined with the microscope. X-ray diffraction was uséd to idéntify
‘the reaction product. Back-reflection x-ray patterns of the single-
crystal specimens were used in an attempt to establish the orientation

of the MgO in the pfoduét. layer.

gy

~¢



Y

III. RESULTS

A. Determination of Weight_ Loss

The reaction between MgF, “and water vapor was found to pro-

ceed qu1te rapldly in the temperature range ‘from 950 to 1100 °C. At

11100 °C, the reaction went to about-50% corr;pletmn,m two hours. The

results of the weight-loss vs time runs for powdered, polycrystalline

disc, and single-crystal samples are givenin.Figs. 2,3, and 4. In

accordance with the equations to be derived below, the fraction of MgF2

-.remaining, w/wo, was taken as a measure of the extent of reactlon

All determinations were made W1th a water vapor partial pressure of
55.3 mm.

Because of a scarcity of material, samples of different sizes
had to be used for the single-crystal runs. Therefore, the curves in
Fig. 4 cannot be directly compared. | However, as indicated further
on in the text,,the procedure employed for the determination of rate

constants takes this size factor into account.

B. . Derivation of a 2/3-Order Rate Equation

- The reaction proceeded throiugh the formation of an ‘MgO coating

on the Mgk As this coating 1ncreased 1n thlckness, the volume of the

2

.remaining MgF core, and consequently its surface area, decreased.

Since the reaction rate dépends upon the surface area of the unreacted

material, equations were derived to allow for this continuous area change.
‘For all of the geometric shapes considered, this area change consideration

resulted in equations which show that the reaction rate is proportional

to the 2/3 power of the weight of MgF, remaining.

In the following derivations, two assumptions were made. First,
it was assumed that reaction rate is proportional to the surface area of
the remaining unreacted material. -Second, it was: assumed that the
product layer was of uniform thickness. Thus, the relative dimensions

of the unreacted portion remain constant.
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For cylindrical specimens we can write

dw/dt = - k' A, o (1),
where t is t.ime, w is the we1ght of unreacted matenal A is the surface
_area of unreacted material, and k! is a constant
For a cylinder of height h and diameter d, assummg a uniform product
layer, we have: | » , :
h/d = c, where c is a..consta.nf. For radius. ‘r the vvolume'ié

V = mrlh = 2emrs,

.the area is . M .
2 2 2 2
A = 2nr” + 2rnrh = 2nr 4 4emr = 2nr (1+2c)
-and we have- | ' V

v2/3 - 22/3.2/3.2/3 2.

-+ Eliminating r, and expressing A in terms of V, we have

_ (2c +1)1'rl/3 1/3 2/3 *1 85 (2c+1 ) ( i)z/s
23 ‘—27'3
with
.V;/3 = (4 — ')Z'/3 where - p' is the density. -
A= 1.85 (2c+1 ) ( __)2/3
c
Let

Then we can write N

dw . _k'A=- 185k B(—)2/3
t
Integrating the precedmg expressmn over the time 1nterva1

(té‘° t.), we have



o12-

‘ - . 0.617 k'B (t,-t,) .. :
1/3 ~1/3 SR 2 S T
w, V313 s S @

At t =0, w is equalto w Substituting and dividing through by.

1/3

0"
R we have '

1/3 ' _ S e
kBAt L

(&) =1- 173

The above equations were applied to the p_owdelj.-and.dis.c .specimen
.data. This .proc.edure was justifie-d}_fdr"thé p'ovs'/devr,. sPé.gimens because,
by sintering to‘about-one-fourth of their original sizes,.they became
compacts which retained the shape of the cylindrical platinum crucible.
Thus they were effectively:cylinders "wh'oseibasesl rested on the bottom
of the crucible and whose tcv>psv and sides were exposed.fd the attacking
“atmosphere. ‘ ‘

A similar derivation was carried out for the singl'e crystal
specimens. _These were either cubes of edge length 2, or parallelo-

pipeds with one square cross sect1on and height h.: Letting h = cZ,

we obtain the integrated rate equatmn

1/3 1/3 2, 142c ., k' (5)

e, Yy T3 (—27’5 273 At .

Again, letting (-1—%% )= 3B and collecting constants,
w, 1/3 wt*'1/3 = - kaAt'. : (6)
1 . )

F2

. For a perfect cube, B equals 3. For other specime_ns,,,:_f;his” quantity

was .obtained from micrometer measurements.
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C. Application of the 2/3-Order Equation to Weight-Loss Data

If the reaction rate depends solely upon the surface area of the
unreacted material, Eq. (4) shows that a plot O.fl..v,(W/Wo).l/?’ vs.time

should be linear. Figure 5 gives a typical plot f\isi‘ng the single-crystal

‘data for four runs at different temperatures. Plots of the data for other

specimens were similar. It is evident that, following initial curved
portions,. the plots became linear. )
- Experimental points from the strdight line portions of the ,(w/wo)_l/3
vs time curves were used in calculating rate constants. The .calcillations
and values obtained for rate constants of the powder, disc, and single- |
crystal specimens are given in Tables I, II, and IIl. - The procedure was
consistent for ’calculation of these values for a given set of specimens.

However, because of differences in sample size, shape, and porosity,

‘the rate constants for different sample types cannot be vdiréctly compared.

D. Determination of the Activation.Energy

Figure 6 is a plot of the rate data for each of the three sample

types according to the Arrhenius. equation:

k= A e-E/R‘T

Ink=1n A - E/RT

Activation energies were obtained.from the slopes of the plots
of Inkvs 1/T.. The least-squares slopes were used for the single-
crystal and disc specimens. An error analysis was made according to
the method given by Benson. 6 -The following activation-energy values

were obtained:

. ' J—
. Specimen type - E {kcal/mole)
Pov:/der‘ 25
Polycrystalline disc - 56.146

Single crystal 42,35
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Table I. Calculation of rate constants for powder samplesa

Time 1/3

Tc‘)empﬂ interval W - “1:1/3 kX103 . ln(kx103)
K (min) ! 4 - _Per hr |
1223 60-180  0.762 0.729  16.5 - 2.80
1373 60-240 ~  0.734  0.588 49.0 3.90
a _1/3  1/3_ L

“1:1 - wcz =-k (tZ#tl)

Fid



“Table II. Calculation’of rate constantsfor polytrystalline-discis a'mpie s?

%;;17“

. %emp "Run' Time th/3 1/ > k><103 In@ex10%) ~avg.
(®K) No. interval "I t 5 per hr. 1n(kx103)
(min) ' ,
1223 1 60-240 . 0.757 0.707 4.13°2.02 - 0.70.
1223 2 60-360 0.762 0.696.4.17 .3.17 = . 1.15 0.94
1223 60-360 0.761 0.7054.24" 2.64 - -.0.97 .
1273 '60-240  0.731. 0.659 4.24 5.66  1.74 1.74
1323 1 60-240 0.692 0.5014.09 15.6 2.75 |
1323 2 60-250  0.698 0,508 4,14 14,5 2,68
1373 1 30-100  0.689 0.5254.1733.8 3.5l
1373 2 40-100 - 0.685 0.544 4.1234.2 . 3.54
1/3 WP ke, 1)
ot
fi‘l
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- . Table III. .:Calculation of rate constants ‘for single-crystal _saz;gpl_esa

Temp. Run ' Time e ja : . B
°K)  No. interval  w'/3 wt1/3 B .  kxl02 In(kx102) . Avg.

(min) - . 1 2 per hr  In(kx10%)

—

1223 ©60-360 0.845 0.788 3  3.80  1.33 - 1.3
1273 1 120-360  0.711 0.631 3  6:67- ~1.91 = . 1.91
1323 1 . 60-240 0.590 - 0.453 . 3.03 15.1 - 2,72
1323 2 100-280 0.566 0.444 3.03 13.4 2,60
1373 1 60-140 0.692 0.594 3 246 3.20
, | - g 467 o
1373 3

N .

80-160 0.571 -0.478 3,02 23.2  3.14

a : ‘ :
wl/3 - w'l-/::?: - kB(t, -t )} =
t t, 2 :
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The two powder runs were made primarily for comparison with
" the results of other workers. 4 Since good agreement was obtained, no

further determinations were made on powder .specimens.

E. Microstructures of Rea'c"'te'd Specimens -

Microscopic .eﬁcarnination of secti_on:s}of the reacted specimens
showed that there was a clearly defined interface between reactant and
product on all specimen tvypes - The product adhered tenac1ously to the
reactant and showed no tendency to crack or fall off.

Figure 7 shows the mlcrostructures ‘of the product layers on
different specimen types. It is evident that the product layer on the
discs and powder specimens had a veryvfn}e-gralned, practically amorphous
appearance. On the other hand, the Mgé";eqeting on.the single-crystal
specimens had a platy habit. Figure 7 shows the typical appearance of
the ''plates'. These were always found to be oriented perpendicular to
to the MgF, surface. ’ '

_ The presence of amsotropy of react1on was suspected. However,
examination of the th1ckness of the product layer in different crystallo-
graphic d1rect10ns on the s1ggle c_:rystaluz_z.svpecrmens showed no significant

“yvariations.

~F.  X-ray Results

X—ray-—diffraction patterns on pulverized reacted specimens
showed only MgO and MgF to be present

The MgO coatmgs on the S1ng1e crystal specimens produced
back-reflection Laue patterns typical of preferred orientation. Pre-
liminary studies gave no evidence that there is a simple epitaxial re-
lationship with the structure of the underlying ’MgFZ. It has been mentioned
above that microstructure examinations indicated that there was a preferred -
growth pattern with respect to the MgF, surface, but further work will
be necessary to accurately establish the orientation. Back-reflection
patterns of the product layer on the polycrystalline disc specimens

showed random orientation.
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ZN-2866

Fig. 7. Microstructure of reacted specimen (X13).
Top: powder; center: polycrystalline disc;
and bottom: single-crystal specimen.
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' IV DISCUSSION

It was stated in Sectmn III that, in 1nterface controlled reactmns,

- the reaction rate. is proport1onal to the surface area of the unreacted

 material and. consequently to the. 2/3 power of. the amount of unreacted

material. - Since the reaction rate is constant, and only the surface area

changes, it seems justifiable to regard such a process as: ioIlowlng zero-

order kinetics. However, the common practice in the literature is to

identify such behavior as 2/3-order kinetics, and such a description is
used in the following d1scus sion.

~In the evaluation of the k1net1cs of reactlons 1n wh1ch the product

. forms.a coating on the reactant, the Piling- Bedworth ratlo must be con-
-sidered. .This quantity, the ratio of the specific volumess of product and

reactant, is equal te 0.57-for MgEO/MgFZ, -Such a larg_e:volume difference

would be.expected to induce great strains. in the. product layer, and

possibly cause cracking in it. = Although no. large cracks ‘were observed

.in the MgO product layer, it seems likely that micro- cracklng must have

been present at the interface. o , o

-. The over-all sample size of both the d1sc and smgle crystal
specimens did.not. change .during the reaction. M1crometer measurements
showed that the dimensions of the reacted spec1mens were w1th1n 1% of

their initial values. This indicated that the MgO was h;ghly porous, Such

rva porous layer would not be..‘e)r_cpect_ed.tq provide much protection for the

~underlying MgF surface.

In the results, the presence of a clearly def1ned 1nterface was

.given as.evidence that the changing surface area of the specimen had to

be taken into account. If, for the reasons advanced above, the product

‘layer was nonprotective and the weight-loss data were plotted according

tog—a,a_:Z/3-o‘rde,r rate law, the resulting curves should be linear. Any

.deviations from 2/3=_-org1er kinetics should be evident in departures from

linearity in the plot of the integrated form off.the 2/3-order rate equation.
Figure 5 indicates that, after an initial deviation from linearity, a steady

state is reached where this rate law appears to be valid. The extent of
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reaction.corresponding to the be’ginning of the linear portion of the plot
var1ed from about 30% at. 1100°C to 10% at 950 C.

Th1s 1n1t1a1 deviation could have been due to.several causes.
First, one would suspect that even a very porous coating would offer |
some impedance to the flow of reactant and product gases. However,

" ‘the evaluation of such.effusion effects is. complicated by their dependence
upon the exact size, shape, and length of the pores. Since these factors
were unknown for the MgO product layers, any effusion effects can only
be characterized qualitatively. ' '

One could attempt to establish the Presence of effusion by the
dete'i'minatibh of its temperature dependency. However, here again the
temperattir_e coefficiént'_ depends:'upon the nature of the pores. . This
coefficient can'..vra',rige,from negative values for Poiseuille flow in large
.pores to positive values where Knudsen flow occurs. Regardless of the
type of effusion_taking pléée, 5né would anticipate that the impedance
to_flow would be di_rectly_pi'opoftional, to the thickness of the product
layer, resulting in a parabolic rate law. A test of the experimental data
showed that they did not fit such a law. o

. There is a further possibility that the deviation from linearity
could have resulted ,f_rdm a pressure build-up inside the sample. In
the early stage‘sv of the reacfioh,g this layer would be thin, and .the
gaseous product could escape easily° _As its thickness increased, the
apparent reacfién fat,e would decrease because .of the increasing difficulty
of escape. of thé product' gas. Thus, the pressure would build up uﬁtil
an equlhbrxum was reached between the rate of escape of the gas and
the rate of reaction. This could. result in. the.steady state suggested by
the linear portions of the curves in Fig. .5, After a steady state was
obtained, such-a mechanism would not involve a dependency upon the
thickness of the 'p;'oduct layer. Furthermore, since the rate of escape -
of the gas would be proportional to the reaction rate, the rate.constants
obtained would still be accurate measures of the v\'relocity of the chemical u

reaction.
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‘ In endothermic.reactions,. the probable occurrence, of the back
reaction must.be kept in mind If one considers a poss1ble pressure
buildup such as that described above, it seems 11kely that some of the

HF would recombine in its passage through the product layer However,

"if this process were rate controlling, the amount of recomb1nat1on .should

be proportional to the thickness of the product. 1ayer, A and a parabollc law

would result. o o v

It appears that all of the aboveumentioned,.factors, although not
strictly rate-controlling individually, could contribute,to the initial
deviation from 2/3-order kinetics. | |

Although it is difficult to estirnate an activation energy accurately,

one can obta1n -an 1dea of its approximate magnltude for an endothermic

- .reaction. . For such a reaction, it should be at least eqaal to;the heat

of reactlon, For the reaction between MgF and water vapor,

AH) 200k
kcal per mole is in good agreement with this figure. Garner has tabulated

is 43.8 kcal per mole. The _.smgle—crystal value of 42.35

the results of a number of endothermic decompositions where similar

agreement was obtained between heat of reaction and activationenergy;
The polycrystalline-disc value of 56.146 kcal per mole is suhstantially
different, but still greater than the heat of reaction,

The single-crystal result indicates. that the controlllng step is
the chemical reaction itself. The higher value calculated_ from the

polycrystalline-disc.data indicates that the temperature dependence of

‘the rate.is influenced by additional factors. vF’igure 7 shows that the

microstructure of the MgO layer on these spec1mens dlffered considerably

-from that on the single-crystal specrmen.s. The coating on the latter

appeared.to have long channels between the plat_es and perpendicular to

. the Mg']é‘2 surface. On the other hand, the coating on the discs gave no

‘evidence of preferred pore orientation, Such a random structure would

probably offer a greater amount of reS1stance to the . flow of gases. The

. effect of this resistance might be overcome by increased molecular

-velocity at the higher tempezatures. . Thus, a greater reaction-rate

temperature dependency and higher activation-energy value would result.
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‘Since the initiation of this study, Deadmore et al. have reported
an activation energy for this reaction, 4 “The two powder runs were made w
in an effort to duplicate' Deadmores' reported results.. The value of 25
~ kcal per mole obtained .in this investigation is in good a_gil_"eemer;’tf with y
the reported figure of '"about 21 kcal per rhole“, but much lower than
',the values for the single-crystal and disc specimens. The explanation
for this discrepancy undoubtedly liés,in the fact that Mgk, powder sinters
quite readily in the temperature range being considered. - For samples
of equal weight sintering decreases the surface area to a greater extent
at 1100°C than at 950°C, thereby causing a ,r'e.duction of the measured
reaction rate at the higher terﬁperature relative to the lower one. The
apparently low activation energy was a result of this process.

The preceding discussion emphasizes the great important of
considering physical factors in dealing,with high-temperature reactions
_similar to.the one studied. | In the present case, it is evident that the ' -
previous teeatment and state of aggregation of the reactant radically
altered the observed kinetics. |

Although single-crystal specimens of two different orientations.
were used, a comparison of reaction rates revealed no detectable
anisotropy. In addition, inspection of a section of a ¢ube whose faces
were approxiinately (001) and (110) showed that the thickness of the product
layer was the same on the two. faces. | ’

It wés_ mentioned that the MgO layer on the single-crystal speci-
mens showed p;teferred orientation. The Laue patterns indicate that this
layer resembles a pblycrystalline material with a texture rather than a
pseudo single crystal. Therefore, it is difficult to establish whether a
simple epitaxial relationship exists between reactant and product. It is
anticipated that future studies of the structural details of the product |
‘layer and interface will help in the understanding of the role they play in

influencing the kinetics of this reaction.

&



V. SUMMARY

" In. summary, 'it-may be concluded. that::

(a) .-After the attammen’c of steady=state conditions, the reaction

: -;;v,,between MgF, .and ‘water: vapor follows a 2/3 order rate:law.

= (b)-. The activation energy. of 42,3+5 kcal per mole obtained with
the single-crystal specimens.agreed quite well with.the heat of reaction
of 43.8 kcal per mole. Therefore, it was concluded that the rate-con-
- .trolling step was the chemical reaction itself.

(). The. low value of 25 kcal per mole for the powder. specimens

.and the high figure of 56.1+6 kcal p_ef mole for the sintered polycrystalline
discs were.due to mic,robstructural features_in these specimens. Sintered
interfered.in the'.case .of':.the":.:powdér specimens. .The structure of the
p.i'oduct la.yer on. the discs was ,suéh.as_to'provide’ a greéter impedance
to gas flow than was given by the single-crystal product layer.

(d) The above conclusions emphasize the great importance of
considering the physical state of spemmens,,.use_d in studying h_.1gh-

temperature gas-solid reactions.
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